One hallmark of the mature human walking gait is the up-and-down oscillation of the body center-of-mass (CoM). It has been suggested that this vertical displacement should be kept as small as possible to reduce the energy cost of walking (Saunders, Inman, & Eberhart, 1953) . In this case study, we examined the Ba Gua Zhang (BGZ) walking gait of an accomplished practitioner of the martial art-form to test this hypothesis.
Method

3
The subject (second author, 59 yr. old) has been practicing Ba Gua Zhang 1 hr. every day for over 10 yr. The subject walked under two conditions: 10 trials of typical walking followed by 10 trials of Ba Gua Zhang walking. In the typical gait, the subject walked at his self-selected speed and stride length. In the Ba Gua Zhang condition, the subject adopted the "dragon flying" style (Park & Miller, 1999) in which the trunk is leaned about 3-5° forward, the upper extremities held steady at the shoulder level about 60° off the sagittal plane, and knees bent at about 30° (Fig. 1) .
Kinematic data were collected on the 5th to 7th steps (120 Hz) using the six-camera 3-D PEAK Motus motion capture system (low-pass filtered with a dual-pass fourth-ordered Butterworth filter, 6 Hz cutoff frequency, 11-segment center-of-mass model). Muscle activities on the right side of the body were recorded with reusable surface electromyography (EMG) electrodes (RUN Technology) using the RUN Technology MyoPac fiber optic system sampled at 1000 Hz, full-wave rectified and band-pass filtered at 10-500 Hz.
The binomial test of the split-middle line and the two standard-deviation band techniques were used to analyze the kinematic, kinetic, and EMG data between the typical and Ba Gua Zhang walking gait. Statistical significance for each pair of analyses (set at p < .05) was accepted only when both techniques corroborated.
Results and Discussion
The subject's mean maximum and minimum center-of-mass heights during typical walking were 93.2 and 88.6 cm, respectively, whereas center-of-mass height during Ba Gua Zhang walking reached a maximum of 88.0 cm and a minimum of 84.3 cm. Compared to typical walking, center-of-mass vertical displacement decreased by 21% (3.61 vs 4.57 cm, p < .001, Table 1), while peak ground reaction force decreased by 16% of body weight (1.27 vs 1.51%, p < .001) during Ba Gua Zhang walking. Walking speed and stride length were comparable in both walking conditions. An interesting finding was that all muscle activities (with the exception of the lower abdominal muscles) increased when the subject used the Ba Gua Zhang gait (p < .001: tibialis anterior: 54%, soleus: 47%, medial gastrocnemius: 58%, vastus medialis: 118%, rectus femoris: 112%, biceps femoris: 40%, and lower paraspinal: 79%).
The increased muscle activities shown in this study probably contribute to maintaining the flexed lower extremities, particularly during the single-stance phase (Ortega & Farley, 2005) , and perhaps keeping vertical ground reaction forces low as well. Compared to self-selected typical walking at various speeds, a gait pattern such as the Ba Gua Zhang walking gait used in this study is the least efficient (Wang, Crompton, Li, & Gunther, 2003; Massaad, Lejeune, & Detrembleur, 2007) . The pendulumlike walking gait pattern assumed by humans (Kuo, 2007) is the more natural and efficient way to walk. 
